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42a Sunday, February 26, 2012for energy production. I will in this presentation outline research strategies for
the replacement of a significant portion of the fossil oil used in the chemical
industry with plant oils by extrapolating on the present state of the art of science
in the area.
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Living systems have evolved the capacity to carry out many chemical transfor-
mations of interest to synthetic chemistry if they could be redesigned for
targeted purposes. However, our ability to mix and match enzymes to construct
de novo pathways for the cellular production of small molecule targets is
limited by insufficient understanding how chemistry works inside a living
cell. Our group is interested in using synthetic biology as a platform to study
how enzymes function in vivo and to use this understanding to build new syn-
thetic pathways for the production of pharmaceuticals, nanomaterials, and fuels
using living cells.Workshop: Measuring Excursions from
the ‘‘Structure’’ (X-Ray Crystallography,
NMR, Simulations)
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Seeing the Invisible by Solution NMR
Lewis Kay.
Medical Genetics & Microbiology, University of Toronto,
Toronto, ON, Canada.
Many biochemical processes proceed through the formation of functionally
important intermediates. For example, ligand binding, enzyme catalysis and
protein folding may all involve the formation of one or more intermediates
along the reaction coordinate connecting the initial and final protein states. A
complete understanding of each process, requires, therefore, characterization
of these intermediates in detail. While methods exist for studying the endpoints
of these processes at atomic resolution in many cases, similar studies of the
intermediates remain elusive. NMR methods for seeing such ‘invisible’ states
will be described, along with a number of applications to protein folding illus-
trating the power of the methodology.
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The presentation will start with an overview of the technique and point out
the unique pieces of information, complementary to those provided by other
techniques discussed in this workshop, that single-molecule FRET can offer.
Several practical issues will be discussed. They include: What level of preci-
sion does one need? How to choose the labeling sites? How to choose the
dyes? What are the control experiments that need to be done? Fluorescence
single-molecule data tend to be very noisy. What is the single-molecule noise
budget? What are the methods that one can use to analyze the data? Otherissues to be discussed include consistency, correlation, and causality. Three
examples—polyproline, adenylate kinase from E. coli, and protein tyrosine
phosphatase B from M. tuberculosis—will be used to illustrate some of
the points. Finally, this presenter will attempt to discuss possible future
directions.
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Although X-ray crystallography has traditionally provided a single protein
‘‘structure’’, it is an ensemble measurement that can reveal alternative con-
formations, which are hidden at low levels of electron density. Modern pro-
tein crystallography is based nearly exclusively on X-ray data collected at
cryogenic temperatures (~100 K). The cooling process is thought to intro-
duce little bias in the functional interpretation of structural results, because
cryogenic temperatures minimally perturb the overall protein backbone
fold. Using new computational tools for electron-density sampling, model re-
finement and molecular packing analysis, we have found that crystal cryo-
cooling remodels the conformational distributions of more than 35% of
side chains and eliminates packing defects necessary for functional motions.
Monitoring room-temperature conformational ensembles by X-ray crystallog-
raphy can reveal motions crucial for catalysis, ligand binding and allosteric
regulation.
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It is often postulated that protein conformational mobility underlies enzyme
activation, however our knowledge about how this occurs is still incom-
plete. To study this, we are measuring protein hydrogen/deuterium exchange
by mass spectrometry (HX-MS) which reports internal motions of the folded
state, where exchange predominantly occurs through low energy fluctuations
in protein structure that enable transient solvent accessibility. Such fluctua-
tions, represented by free energy differences (aaG) on the order of 1 kcal/
mol, lead to changes in protein function even where structural differences
are absent. HX-MS analysis of the mitogen-activated protein kinase,
ERK2, reveals altered conformational mobility within localized regions of
the enzyme upon catalytic activation. HX changes can be ascribed to en-
hanced backbone flexibility at the hinge between the conserved N- and
C-terminal domains, predicting that interdomain closure may occur follow-
ing ERK2 activation. This is corroborated by evidence that ERK2 binds
nucleotide in two modes, where the active kinase adopts a closed conforma-
tion, whereas inactive ERK2 is constrained in an open conformation. Thus,
phosphorylation of ERK2 releases constraints to interdomain closure needed
for catalytic turnover, by regulating protein flexibility. Importantly, patterns
of activation-induced HX differ between ERK2 and its paralog ERK1, de-
spite their similarities in overall deuteration. Furthermore, ERK1 lacks con-
straints to domain closure prior to activation. Therefore, although MAP
kinases are closely related with respect to primary sequence and tertiary
structure, they utilize distinct mechanisms for dynamic control of enzyme
function.
